The temperature dependences of 7 Li and 15 N NMR spin-lattice relaxation times and spectra in LiN0 2 were measured in the range 120 K -473 K (m.p.). The 180°-flip motion of N0 2 _ ions along or perpendicular to the molecular C 2 -axis and the self-diffusion of Li + ions (activation energies of 42 -44 and 100 kJ mol -1 , respectively) were observed in this range. From the comparison of the observed activation parameters with those reported for plastic phases of alkali metal nitrites, a new characteristic of the plastic crystal was obtained.
Introduction
Nitrites of K, Rb, Cs, and T1(I) become ionic plastic phases with NaCl-or CsCl-type cubic lattices around room temperature [1 -4] . In the plastic phases, excitations of N0 2 _ isotropic reorientation and selfdiffusion were shown by the measurements of alkali metals and 15 N NMR [5 -10] . In the low-temperature phase just below the plastic phase, the onset of two site flip motions of N0 2 _ ions was observed [5 -16] . NaN0 2 , forming no plastic phase, undergoes two order-disorder phase transitions. The low-temperature phase is ferroelectric with all nitrite ions aligned parallel, and the middle phase is incommensurate® antiferroelectric with a sinusoidal modulation of the long-range order parameter [17] [18] [19] [20] [21] [22] . In the hightemperature phase, a 180°-flip motion of N0 2~, as observed in the low-temperature phases of K, Cs, and T1 salts [7, 9, 10] , is excited about the axis perpendicular to the molecular C 2 -axis [17] [18] [19] [20] [21] [22] .
In LiN0 2 , no phase transition is reported between 80 and 473 K (melting point) [11] . The reported melting entropy of 36. in 3 M hydrochloric acid. 7 Li NMR spectra were obtained from FID signals observed after a 7r/2 pulse.
Since no crystal data are available, X-ray powder diffraction patterns were recorded at 300 and 440 K using a Philips X'Pert PW 3040/00 diffractometer with Cu anticathode. The electrical conductivity was 0932-0784 / 99 / 0600-0800 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com 
Results and Discussion
X-Ray powder patterns recorded at 300 and 440 K are shown in Figure 1 . These results suggest that LiN0 2 crystals retain a low symmetry up to the melting temperature.
Observed
7 Li NMR spectra measured at 116.64
MHz are shown in Figure 2 . The satellites on both sides of the central peak imply the presence of two kinds of Li sites in the crystal. The quadrupole coupling constant e 2 Qqh~l of each 7 Li site was evaluated, assuming the asymmetry parameter 77 = 0, from the relation [24] e A Qqh~l = 2Av, is given in Figure 3 . At room temperature we obtained e 2 Qqh~] values of (72±4) and (123±6) kHz, which decreased with increasing temperature, and a narrowed central peak was observed around 430 K after the satellites disappeared. Since our X-ray patterns showed no change around 430 K, it is expected that some ionic motions average the electric field gradient (EFG) at the Li + ions. As a possible motion we assumed cationic self-diffusion and carried out ac electrical conductivity measurements. The obtained temperature dependence of the electrical conductivity reported in the plastic phase of MN0 2 (M = K, Rb, Cs, Tl) [7 -10] , suggesting that the conductivity is due to ionic conduction. Since crT is proportional to the diffusion coefficient, an activation energy of (100±5) kJ mol -1 was derived from the slope of log crT plotted against T -1 . This activation energy is almost equal to the 100 kJ mol -1 reported for KN0 2 [7] and RbN0 2 [8] . 
where ALO, and r denote the line-width narrowed by the CS averaging, the 15 N Larmor angular frequency, and the correlation time of the anionic motion, respectively. We assume an Arrhenius-type temperature dependence of r given by r = r 0 exp(A).
Fitting (2) and (3) to the observed T { values, we obtained the best-fitted curve shown in Fig. 5 expressed the observed T x by these relaxation times:
Here, T lh and T 1H contribute in the low-and hightemperature ranges below and above ca. 400 K. As a relaxation mechanism, the fluctuation of the EFG at the 7 Li nuclei is most probable, and hence T { can be written by assuming the Debye-type spectrum density [27] Table 2 . Comparisons in activation energies (£ a ) of N0 2 180°-flip and cation self-diffusion in M'N0 2 (M' = Li, K [7] , Rb [8] , Cs [10] , and Tl [5, 6, 9] 
where C, u; Li , and r denote a constant depending on the motional mode, the 7 Li Larmor angular frequency, and the correlation time of the motion, respectively. Since the slopes of 7 Li T x observed at (300 -350) K
were nearly equal to that of the 15 N T,, the relaxation in this temperature range can be attributed to the 180°-flip of N0 2~ ions. Applying (3) and (5), the activation energy was determined to be (44±3) kJ mol -1 . On the other hand, the T 1H is attributable to the self-diffusion of Li + ions as confirmed by the ionic conductivity measurement. The activation energy of (40±10) kJ mol -1 estimated by using (3) and (5) is much smaller than 100 kJ mol -1 , evaluated from the electrical conductivity measurement. As possible reasons for this difference in E a we can presume fitting errors in the £ a estimation from the 7 Li T { data due to Li + self-diffusion and N0 2 -180°-flip motion with activation energies of 100 and (42 -44) kJ mol -1 were observed from the electrical conductivity and NMR measurements.
In the low-temperature phase of the plastic phases of MN0 2 (M = K, Cs, Tl) a 180°-flip of N0 2 " ions about an axis perpendicular to the C 2 -axis was detected by dielectric relaxation and NMR studies [7, 9 -10, 13 -16] . The reported activation energies of (8. [7 -10] , where r tr is the correlation time of the 180°-flip at the phase transition temperature to the plastic phase. These results suggest that, when the frequency of the 180°-flip motion reaches ca. 10 GHz, the phase transition takes place and an N0 2~~ ion gets space for the isotropic reorientation. In the plastic phase, even if the isotropic reorientation of the N0 2~ ion is excited, the crystalline lattice is retained, while the LiN0 2 crystals become liquid. This difference can be explained by considering that the energies making spaces for the N0 2~ isotropic reorientation in MN0 2 are smaller than that in LiN0 2 , as expected from the differences in energies of the 180°-flip motion in the low-temperature phases.
